A PDP-II online computer method for the titration of mixtures or 3 strong and a weak acid is described. The method is based on multiparametric curve-fitting. One of the parameters found from the calculations is the dissociation constant of the weak acid, hence the method can be applied even when this constant is unknown. Accurate results (relative error * 1%) were obtained for weak acids with pli, values of 0.2-10.
Almost any mixture of a strong and a weak acid can be resolved by the use of nonaqueous titrations, but in the more frequently encountered case of aqueous samples, the water in the sample nullifies the effect of the nonaqueous solvent.
Differential potentiometric titrations of a mixture of a strong and a weak acid in aqueous solution can give rise to problems in two situations: (a) when the weak acid has a low pK, value, normal acid-base titration methods give only the total amount of acid present; (b) when the weak acid has a very high pK, value, it cannot be titrated, and only the strong acid can be determined.
Several authors have already developed procedures for the evaluation of poorly defined potentiometric titration CUIV~S in which the end-points cannot be located straightfonvardly from ihe inflection points. McCailum and Midgley [l] described a method for the titration of mistures of strong and weak acids based on linearization of the titration curve. However, the esact value of the dissociation constant of the weak acid must be known, and this precludes the use of the method when the nature of the weak acid is unknown.
Multiparametric curve-fitting seems to be a more promising technique. Its success in titrimetric analysis has been demonstrated by hleites et aI. [2] [3] [4] [5] and by In,-+ et aL [S]l . These authors used generalized niultiparametric curve-fitting computer pro,mms whitih require little estra progmmming effort/for adaptation to various titration problems but are rather slow. Inpan et al.. [6] also u:xd gener-lized expressions for the titration equation. This make.% their methdd ver$ versatile, but very difficult to implement ,onBne in a minicomputer because of the large program size and the length of the calculations when the dissociation constant-s of the titrated species are unknown.
The pncticai usefulness of an analytical method depends to a great extent #on the time needed to produce the result. In the design of a computerized .analytical method this means online data acquisition and evaluation of the result in a fraction of the time needed to complete t.he experiment. The latter is of prime importance when the method has to be operated in a multiuser computer environment. It has been shown [7] that the Wentworth multiparametric curve-fitting method [ES] is very suitable for obtaining high calculation speeds. This paper describes how the Wentworth method can be used to provide a rapid and fully computerized titration of mixtures of a strong and a weak acid. Three parameters from the charge balance equations for the titration points are adjusted to obtain a least-squares fit: the concentration of the strong acid, the concentration of the weak acid and the dissociation constant of the weak acid.
THEORY
The symbols used are defined in Table 1 . This equation can be combined with the dissociation equilibrium equations for water and the weak acid 
OH--ciy-

UHY
This equation holds for each point of the titration curve, i.e. for the complete set of a,+/V combinations.
The multip~ratnetric curve-fitting procedure for the titration data The experimental data set comprising the titration curve consists of IZ pairs of observations of a1I + values versus ml of titrant, designated by
a Equation (4) The parameters K,r, T and V, are known previously_ The activity coefficients fH., fy-and fOH-require some attention, because during normal titrations their values change.
If they can be treated as constants <or the whole titration curve, calculations are stiplified greatly_ This can be accomplished by adding an excess of inert salt, which minimizes changes in the ionic strength during the titration. In this work 1 M potassium chloride was chosen, mainly because of the availability of data on activity coefficients of some compounds in its presence 191.
For 1 M .potassium chloride solutions the following data for activity coefficients and dissociation constants were used [9] 
W)
ESPERIhlENTAL
Chemicals
Elvcept where specified, all chemicals were of analytical grade. Potassium chloride, sodium acetate, acetic acid (all Merck), ammonium chloride (Brocadesj, m-cresol (Baker 'PCS' reagent), urea and tris(hydrorymethyl)-aminomethane (Fluka) were used as received.
Hydrochloric acid, suiphuric acid and sodium hydroxide solutions were prepared in 1 h1 potassium chloride from Merck Titrisol ampoules by adding the calculated amount of potassium chloride and diluting to the specified volume with carbon dioxide-free double-distilled water. The sodium hydroxide solution was standardized coulometrically and used to standardize the solutions of hydrochloric acid, sulphuric acid and acetic acid. The titers of the ammonium chloride, m-cresol, sodium acetate and tds(hydroxymethyl)-zminomethane solutions were calculated from the weight of compound cddcrd to a 1 lli potassium chloride solution_ The urea soIution was standardized by the Kjeldahl method.
IYquipmen t
The automatic titration system consisted of the following items: PDP-ll/lO computer (Digital Equipment Corp.) with 16 K core memory, RK05 disk, .and the LPS labora+mT peripherai system containing 2 l2-bit A/D converter and Teleprint telewriter; Mettler DVll automatic burette; Knick industrial p&l-meter type DIX with Schott combined glass-calomel e!ectrode type N with platinum wire diaphragm; Metrohm thermostatted titration vessel; Lauda ultra thermostat, type 43/58/12. A schematic diaggm of the system is given in Fig. 1 .
Procedures
Calibmfion 
Computer programs
The sofI!ware for the automatic titration system was developed in four parts: (a) calibration of the glass electrode set; (b) control of the titration and recording of the titration curve; (c) the curve-fitting program; (d) a simple moilitor for three real-time tasks and background facilities. The first two programs -run as real-time tasks, whereas the curve-fitting program mns in the background during the recording of the next titration curve. Initial estimates for the parameters required, viz. concentration of strong acid, concentrat.ion of weak acid and the dissociation constant of the weak acid are obtained as follows. The concentration of the strong acid is taken as equal to the an. .lfn. value at the start of the titration. The estimate of the total amount of acid is calculated from the volume of titrant needed to reach pH 11.0. From the estimate of the concentration of strong acid and tne starting volume, the estimate for the concentration of weak acid is obtained. The pa,+ value at the point where half the estimated amount of weak acid is neutraZed, is then used as the estimate for the dissociation constant of the weak acid.
These initial estimates, the pa, vs. ml data and eqns. (4)--(10) are used to calculate the coefficients of the normal equations for the correcticns of the estimated parameters. These normal equations are solved by calcu!ating the inverse matrix of the coefficients of the normal equations. Then an iterative procedure is followed to improve the calculated parameters. To obtain satisfactory convergence the final estimates are calculated by applying the calculated correction only partially. The fraction of t.he correction to be applied is found as described by Wentworth [S] .
RESULTS
XXD DISCUSSION
The results of the computerized titrations and calculations for various mixtures of a strong and a we& acid in different concentration ratios are given in Table 2 . The method was also applied to mixtures of an excess of hydrochloric acid and a weak base; in this case the computer output was the concentretion of the free hydrochloric acid and the protcnated base in the mixture. The results are presented in Table 3 , where the comparison of results and the amount added for HCl we-m recalculated on the basis of total hydrochloric acid. Figure 2 demonstrates that the computer method resolves mixtures even when inspection of the titration curve does not indicate that two components are' present.
As can be seen from Tables 2 and 3 , the method works well even for quite strong 'weak' acids like hydrogensulphatc and protonated urea, and no problems.arise with very weak acids such as l -cresol and ammonium ion. Differences in charge type of the acid do not greatly affect the accuracy of the titrations, as k shown by-the results for hydrogensulphate and ammonium ion. The calcu!ations invoked in a SC-point titration curve take about 4 min, which shows clezly the potentialities of the Wentworth approach in the de&n of computerized analytical methods for routine applications. The activity coefficient of the acetate ion was used in all calculations for the conjugated base of the weak acid. Clearly, this is not correct, but var$ing this value showed that its influence was small, and it is quest.ionable that takiug this activity coefficient as a fourth parameter wouId improve the results significantly.
The pa,. measurements during the titration must be accurate to 2' 0.02 pfl unit. This implies great care in the caiibration and handling of the giass ' electrode set and in the preparation of the pa,. standards. Separate cabbralion constants had to be deterkined for the regions pu~; < 3,.3-S and > 8, in order to obtain this accuxcy over the whole titration range. The sodium hydroxide titmnt r&t-be carbonate-free, otherwise po~r~resul~s are obt&ned, indicated by slow convergence in the calculations.
The method described for the determination of the initial estimates of the pammeters C,,, C,, and KHY does not function properly for mixtures with weak acids of pKp < 3. This is because the dissociation of these acids at the start of the titration cannot be neglect.ed. In such cases the initial estimates had to be provided manually.
